The inflammatory bowel diseases Crohn's disease and ulcerative colitis are common, chronic disorders that cause abdominal pain, diarrhea, and gastrointestinal bleeding. To identify genetic factors that might contribute to these disorders, we performed a genome-wide association study. We found a highly significant association between Crohn's disease and the IL23R gene on chromosome 1p31, which encodes a subunit of the receptor for the proinflammatory cytokine interleukin-23. An uncommon coding variant (rs11209026, c.1142G>A, p.Arg381Gln) confers strong protection against Crohn's disease, and additional noncoding IL23R variants are independently associated. Replication studies confirmed IL23R associations in independent cohorts of patients with Crohn's disease or ulcerative colitis. These results and previous studies on the proinflammatory role of IL-23 prioritize this signaling pathway as a therapeutic target in inflammatory bowel disease. C rohn's disease (CD) and ulcerative colitis (UC), the two common forms of idiopathic inflammatory bowel disease (IBD), are chronic, relapsing inflammatory disorders of the gastrointestinal tract. Each has a peak age of onset in the second to fourth decades of life and prevalences in European ancestry populations that average about 100 to 150 per 100,000 (1, 2) . Although the precise etiology of IBD remains to be elucidated, a widely accepted hypothesis is that ubiquitous, commensal intestinal bacteria trigger an inappropriate, overactive, and ongoing mucosal immune response that mediates intestinal tissue damage in genetically susceptible individuals (1) . Genetic factors play an important role in IBD pathogenesis, as evidenced by the increased rates of IBD in Ashkenazi Jews, familial aggregation of IBD, and increased concordance for IBD in monozygotic compared to dizygotic twin pairs (3) . Moreover, genetic analyses have linked IBD to specific genetic variants, especially CARD15 variants on chromosome 16q12 and the IBD5 haplotype (spanning the organic cation transporters, SLC22A4 and SLC22A5, and other genes) on chromosome 5q31 (3) (4) (5) (6) (7) . CD and UC are thought to be related disorders that share some genetic susceptibility loci but differ at others.
The replicated associations between CD and variants in CARD15 and the IBD5 haplotype do not fully explain the genetic risk for CD, so we performed a genome-wide association study testing 308,332 autosomal single nucleotide polymorphisms (SNPs) on the Illumina HumanHap300 Genotyping BeadChip (8) .
Our study population consisted of 567 non-Jewish, European ancestry patients with ileal CD and 571 non-Jewish controls. We initially focused on ileal CD, the most common location of CD, to minimize pathogenic heterogeneity. After exclusion of study subjects with genotype completion rates less than 94%, we included 547 cases and 548 controls in subsequent analyses (8) . Single-marker allelic tests were performed using c 2 statistics for all autosomal markers. Three SNPs had nearly two orders of magnitude greater significance compared to the next most significant markers, and they are the only markers that remain significant at the 0.05 level after Bonferroni correction. Two of the three markers, rs2066843 (P = 2.86 × 10 −9 , corrected P = 8.82 × 10 −4 ) and rs2076756 (P = 5.12 × 10 −10 , corrected P = 1.58 × 10 −4 ), are in the known CD susceptibility gene, CARD15 (4, 5). The third marker, rs11209026 (P = 5.05 × 10 −9 , corrected P = 1.56 × 10 −3 ), is a nonsynonymous SNP (c.1142G>A, p.Arg381Gln) in the IL23R gene (GenBank accession: NM_144701, GeneID: 149233) on chromosome 1p31. This gene encodes a subunit of the receptor for the proinflammatory cytokine, interleukin-23 (IL-23), and is therefore an intriguing functional can-didate. In addition to Arg381Gln, nine other markers in IL23R and in the intergenic region between IL23R and the adjacent IL-12 receptor, beta-2 gene (IL12RB2), had association Pvalues < 0.0001 in the non-Jewish, ileal CD case-control cohort ( Table 1 and table S1a) .
We next tested for association of IL23R markers in an independent ileal CD case-control cohort, consisting of 401 patients and 433 controls, all of Jewish ancestry (8) . Significant associations were observed for several of the same markers that were associated in the non-Jewish cohort ( Table 1 and table S1b ). In a combined analysis of the data from the two ileal CD casecontrol cohorts (8), nine markers had highly significant association P-values ranging from 1.60 × 10 −9 to 3.36 × 10 −13 (Table 1 and table S1b) .
We then extended the replication study by performing family-based association testing of 27 IL23R region markers in an independent cohort of 883 nuclear families in which both par-ents and their IBD (CD, UC, or indeterminate IBD)-affected offspring were available for genotyping ( Table 2 and table S2 ) (8) . For Arg381Gln and other IL23R markers, we observed significant departure from random allele transmission to CD-affected offspring in both non-Jewish and Jewish families, providing further evidence for association between CD and IL23R. We also observed distortion of allele transmission to non-Jewish, UC-affected offspring, providing evidence for association of IL23R with non-Jewish UC. There was no evidence for association of Arg381Gln or other IL23R region markers in the Jewish UC families. In a combined analysis of the data from all 883 nuclear families and both case-control cohorts (8) , all 10 IL23R markers in Table 2 showed highly significant association with IBD, with P-values ranging from 3.55 × 10 −9 to 6.62 × 10 −19 .
The IL23R gene is contained within two large blocks of linkage disequilibrium, and markers in the centromeric block containing exons 5 to 11 and part of the intergenic region between IL23R and IL12RB2 have the strongest association signals ( Fig. 1 ). There is no significant association within IL12RB2 (Fig. 1) , and we did not identify a IL12RB2 SNP in the International HapMap CEU data that is correlated with an IBD-associated, IL23R region variant (8) .
The IL23R protein contains an extracellular domain (composed of a signal sequence, an N-terminal immunoglobulin-like domain, and two cytokine receptor domains), a single transmembrane domain, and a 252-amino acid cytoplasmic domain (9) . Arg-381, in the cytoplasmic domain, is the fifth amino acid internal to the transmembrane domain and is highly conserved between species (fig. S1). In contrast, two other nonsynonymous IL23R SNPs, rs1884444 (His3Gln) and rs7530511 (Pro310Leu), which are located within the extracellular domain, show no evidence for disease association (table S1, a and b).
The glutamine allele of Arg381Gln is much less common than the arginine allele, with an allelic frequency of 1.9% in the non-Jewish patients with ileal CD and 7.0% in non-Jewish controls. The glutamine allele appears to protect against development of CD in both non-Jewish [odds ratio (OR) = 0.26, 95% confidence interval (CI) (0.15 to 0.43)] and Jewish [OR = 0.45, 95% CI (0.27 to 0.73)] case-control cohorts. The glutamine allele is also significantly undertransmitted from heterozygous parents to non-Jewish and Jewish CD-affected offspring, non-Jewish UC-affected offspring, and all IBD-affected offspring (transmitted:nontransmitted = 45:130, P = 1.32 × 10 −10 for the IBD phenotype in all 883 families) ( Table 2 and  table S2 ). Our discovery of an uncommon protective allele, or conversely, a very common predisposing allele, reflects a major theme in complex genetics; namely, that functional genetic variation exerts a continuum of susceptibility, neutral, and protective effects. Furthermore, alleles conferring protection against one disease may result in increased risk for another (10) . In addition to Arg381Gln, we found several other variants within the IL23R gene that are also associated with IBD (Tables 1 and 2 and tables S1 and S2). Marker rs11465804 is an intronic variant in a nonconserved region and is in significant linkage disequilibrium with Arg381Gln (correlation coefficient r 2 = 0.84 in the case-control data) and therefore is unlikely to confer disease risk independent of the latter. However, other markers show evidence for association that appears to be independent of Arg381Gln. For example, rs7517847, which has the most significant association P-value (3.36 × 10 −13 ) in the combined analysis of both ileal CD case-control cohorts (Table 1) , is not in significant linkage disequilibrium with Arg381Gln (r 2 = 0.03 in the case-control data). To identify variants that are independent of the Arg381Gln signal, we performed conditional association testing of the combined case-control data by stratifying on the Arg381Gln genotypes. The P-values for these conditional tests (table S3 ) demonstrate multiple residual association signals throughout IL23R, indicating that there are multiple risk variants in the region. The IL23R gene is expressed as at least six alternatively spliced mRNAs, which generate diverse isoforms of the receptor protein (11) . The most common splice variants result in the deletion of exons 7 and/or 10. We therefore speculate that the multiple genetic association signals detected in the centromeric portion of IL23R (Fig. 1 ) could exert their influence via differential splicing.
Notably, we found no evidence for association in our non-Jewish, ileal CD case-control cohort (table S4) with the IL12RB1 gene, which encodes the second subunit of the IL-23 receptor (9), or the IL23A and IL12B genes, which encode the p19 and p40 subunits, respectively, of the heterodimeric IL-23 cytokine (12) .
Previous work with mouse models has documented a requirement for IL-23 in murine colitis (13) , experimental autoimmune encephalitis (14) , and collagen-induced arthritis (15) . IL-23 activity is present in the terminal ileum (16) and colon (17) , and the present study demonstrates that IL23R variants are associated with both small intestinal (ileal CD) and large intestinal (UC) inflammation. Furthermore, transgenic expression of IL-23 subunit p19 results in severe systemic inflammation, including in the small and large intestine (18) , highlighting this pathway's particular role in promoting strong activation of effector T cells and perpetuation of organ-specific inflammatory responses. At least part of this effect is likely mediated via inflammatory, IL-17producing T cells (19) (20) (21) (22) (23) , and elevated IL-17 levels have been observed in the colonic mucosa of both CD and UC patients (24) .
Taken together, these findings suggest that blockade of the IL-23 signaling pathway would be a rational therapeutic strategy for IBD. In support of this, a monoclonal antibody directed against the p40 subunit of the receptor, which blocks both IL-23 and IL-12 proinflammatory activities, has produced promising results in a clinical trial of Crohn's disease (25) . It has been postulated that specific targeting of the IL23p19/ IL23R pathway may be particularly effective in blocking organ-specific inflammation, with less compromise of protective responses (26) . However, at least one model of murine colitis is worsened in the absence of IL-23, implicating a role for IL-23 in the down-regulation of IL-12 (27) . In addition, IL-23 function may be important for proper responses to mycobacterial (28, 29) and intestinal infections (22) . In assessing therapeutic approaches, the strong protective effect of the Arg381Gln allele could potentially be exploited to define desired functional outcomes (10) . The contribution of the IL23R pathway to IBD will likely involve more than simple gain-or loss-of-function IL23R variants, and therapeutic interventions will be improved by a better understanding of the context and tissue-specific events associated with functional IL23R polymorphisms. Pairwise r 2 plot for International HapMap CEU data. The intensity of the shading is proportional to r 2 . The IL23R gene is contained within two blocks of linkage disequilibrium, and the association signals are strongest in the centromeric block, which contains exons 5 to 11 and extends into the intergenic region between IL23R and IL12RB2. Note that markers in the block encompassing the IL12RB2 gene do not demonstrate significant association. www.sciencemag.org SCIENCE VOL 314 1 DECEMBER 2006
